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1 . GENERAL 

1.1 This section provides REA borrowers, consulting engineers, 
contractors and other interested parties with technical information 

for use in the design and construction of REA borrowers telephone systems. 

It is written to provide an understanding of cable unbalances and their 
relationship to telephone system noise. Techniques for measurement of 
the various types of unbalance will also be discussed. 

1.2 Capacitance (shunt) unbalance can be a major factor contributing 
to excessive noise in a telephone system. Precise measurement is 

expensive and time consuming and should be done only when there is strong 
indication that the cable may not meet applicable specifications. 

1.3 Resistance (series) unbalance can be a contributing factor to 
excessive noise in a telephone system. Measurements of resistance 

unbalance should be made during noise isolation procedures on idle cable 
pairs. 
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of the IEEE Standard 455-1976 method for measurement 
of longitudinal balance indicates it may be used for precise measure- 
ment of both capacitance and resistance unbalance in cable. Equipment for 
t IS test is less expensive than that required for direct measurement of 

capacitance unbalance. A discussion of this technique is discussed in Para- 
graph 4 . 


2 . CAPACITANCE UNBALANCE 


2.1 There are some procedures that can be followed during noise isolation 

tests to provide meaningful information, l^rhile results are not precise 

Sat • calStlnri^^ conform to specification, they will establish 

that capacitance unbalance is a factor at the point of measurement, the side 

tude ^ unbalanced (T or R) and a broad indication of the magni- 


2.11 When a noise problem has been isolated to a single section of cable 
It IS desirable to determine if a capacitance unbalance is the 

T.Z aSSSoofmLrSarSSSepL^’^^""" " capacitance decade box having 

2.12 With the isolation box connected to the cable for measurement, in the 

K suspected unbalanced cable, connect the capacitance 

0 001 anSrSn? 1* Adjust the 

0.001 and 0.0001 microfarad steps for lowest circuit noise. 



T EST TO DETERMINE IF C APACITY UNBALANCE IS A NOISE FACTOR 

figure J 


2.13 If there is no improvement in the circuit noise, connect the 

capacitance decade box between the ring conductor ^ 

idjust the 0.001 and 0.0001 steps for lowest circuit noise. If circuit^noise 
-mproves to less than 20 dBmc and/or the balance to 60 dB or greaSr t^r 
.resence of capacitance unbalance is confirmed. ’ 


2 
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2.14 When circuit noise can be reduced only slightly, the unbalance may 
be due to resistance unbalance. For discussion of resistance 
unbalance, see Paragraph 3. 

2.2 Results can be more precise and meaningful when two isolation 

sets are utilized. Connect an isolation set at each end of the 
suspected unbalanced section, as shown in Figure 2. Connect a _ capacitance 
decade box between the tip conductor and ground. While measuring circuit 
noise, adjust the 0.001 and 0.0001 microfarad steps for lowest circuit noise 



APPROXIMATE MEASUREMENT OF CAPACITY UN BALANCE 

FIGURE 2 


2.21 If the circuit noise does not improve, reconnect the capacitance 
decade box between the ring conductor and ground and, while measuring 

circuit noise, adjust the 0.001 and 0.0001 microfarad steps for lowest 
circuit noise. If the circuit noise improves to less than 20 dBmc and/or 
the balance to 60 dB or greater, the presence of capacitance unbalance is 
confirmed. When measured in this manner and dividing the capacitance value 
of the decade steps by the length of the cable in kilofeet, the result will 
be approximately the capacitance unbalance of the cable in picofarads per 
kilofoot. Since the null of minimum circuit noise is quite broad, the result 
is not accurate enough to determine if the cable meets specifications. 

2.22 When circuit noise can be reduced only slightly, the unbalance 

may be due to resistance unbalance. For a discussion of resistance 
unbalance, see Paragraph 3. 

2.3 When there are indications that the cable does not meet the capaci- 
tance unbalance requirements, precise measurement of this parameter 
should be made as discussed below. Cable specifications establish capacitance 
unbalance objectives in either of two parameters, capacitance unbalance to 
shield or capacitance unbalance to ground. 


3 
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Capacitance Unb a1anr>^ to GroTinrl- 

ground is a measure of thp A-i — ‘'-i- u unbalance to 

other conductors of the cable Mea<! un a ance to the shield and all 

ground is accomplished as shorn in Fieurrs unbalance to 

3R313 Capacitance Unbalance Bridge or its equii2ent!^^“^''^~^^^^‘'^ 


Cable Shield 




I 
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2.313 The cable pair to be tested Is connected to terminals ST-1 of the 
bridge. 

2.314 Measurement is completed by setting the step capacitor and varying 
the main differential capacitor and phase trimmer, as necessary. 

As the detector meter indicator drops, add gain to the detector. Continue 
this procedure until the null point is reached. At the null point, any 
movement of the main differential capacitor in either direction will produce 
a higher meter indicator reading. Capacitance unbalance in picofarads is 
the algebraic sum of the step and differential capacitors. This may be 
converted to picofarads per kilofoot by dividing the value in picofarads 
by the cable length in kilofeet. 

2.32 Capacitance Unbalance to Shield : Capacitance unbalance to shield 

is a measure of the direct unbalance to the shield with the influence 
from all other pairs removed by a guard circuit. There is a direct relation- 
ship between capacitance unbalance to shield and telephone circuit noise. 
Measurement of capacitance unbalance to shield is accomplished as shown in 
Figure 4 using a Siemens -Hal ske Type REL 3R313 Capacitance Unbalance Bridge 
or its equivalent. 




4-yJ-. 


2.321 The bridge is first calibrated in the same manner as described 
in Paragraph 2.311 above. 

2. .>22 All pairs not being tested should be bunched and connected to 

tne ST-2 terminals of the bridge. The cable shield is connected 
to the bridge ground terminal and the bridge ground terminal is connected 
to an external ground. I^Jhen testing cable in the field, which contains 
working lines, the working pairs should be removed from service and 
connected to terminals ST-2 for accurate results. 


2.324 The cable pair to be tested is connected to terminals ST-1 of 
the bridge. 

1.325 Measurement is completed in the same manner as described in 
Paragraph 2.314 above. Capacitance unbalance to shield in pico- 

results orthls 

teat by the length of the cable in kilofeet. 


3. RESISTANCE UNBALANCE 

unbalance should be 

does not “oviS f reSaSrer " t «f«ence purposes . it 

the location of the resistance ^.balancrinlelatl” ITTL d° 

ground is a controlling factor relative to its cont^i^^tlon L'S^cSrn^Ise. 

ta airareJ uU^rL^'l^- ® ^ resistance unbalance 
Resistance unbalance located nMr the 'end ot*’th6 dlrcuit noise, 

cant contributor to the overaU cl^™irn„lse “ 

pSsibiriurSj CoUtLrSsr””' unbalance is not 

procedures that will provide ^nnie on working pairs, there are some 

Will establish if resLtLe: un"lanc"“s f procedures 

the side of the circuit that is unbalanced^ Point of measurement, 
the magnitude. anced and an approximate indication of 

3.31 When a noise problem has been isolafPti ^ 

It is sometimes desirable to determlnp -f ^ section of cable, 

a major factor. If an idle cable ^ ’^^sistance unbalance is 

through direct measurement. Where rwoSinrn^-"^"''^?’ 
measurement is not possible. MeaniJgfuf dafa tested, direct 

resistance decade box having l.o L fo 1 ohm ste^s " 

, direction of the°Lspected^unbai*^^^ tieasurement in 

:^rLfrptsibirti:^ 

-- hdiu. - 
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FIGURE 5 


3.33 If ths circuit noise does not improve, reconnect the resis.ance 

decade box in series with the ring conductor and adjust the 1.0 and 
0.1 ohm steps for lowest circuit noise. If the circuit noise improves to less 
than 20 dBrnc and/or the balance to 60 dB or greater, resistance un a ance 
a major factor at the point of measurement. 

3 34 Should the circuit noise improve only slightly, the resistance 

unbalance is probably acting in tandem with ^ f ' 

Where no change in circuit noise occurs, the resistance unbalanc 
I^Stion fs not contributing to the noise problem. Capacitance unbalance 

is discussed in Paragraph. 2. 

3 4 Results can be more precise and meaningful when two p ^ ^ 

are utilized. Connect an isolation set at each end 
unbalance section, as shown in Figure 2. Connect ^ leads 

and 0.1 ohm steps for lowest circuit noise. 


Faulty Cable? — t 



APPROXIMATE MF.ASUREMF.NT OF RESIS TANCE UNBALANCE 

FIGURE 6 
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dicade ifseiierwith'^the reconnect the resistance 

circuit noise, adjust the 1 0 and while measuring 

If the circuit noLe i^roles 

60 dB or greater, resistance unh^i - dBmc and/or the balance to 

measurement. unbalance is a major factor at the point of 


3.42 


mbaiicfis^probLlfaci-^”^’'*''^ slightly, the resistance 
Where no change in cirLiJ Lise iTc^ capacitance unbalance, 

location is not contributing to the resistance unbalance at this 

is discussed in Paragraph 2. noise problem. Capacitance unbalance 


3.5 Resistance unbalance should be 
noise isolation measurements. 
Wheatstone bridge as shown in Figure 7. 


measured section by section during 
Connect the cable pair to the 



3.51 


Bridge Settings 

Res-Var-Mur switch on Var. 
Multiply by switch on i: 

1 

R.V.M.-Ga-Hil switch on RVM 


3.52 


100 , "io ■JlroctirfrortS s™ ff t'L 


4. 


LONGITUDINAL BALANCE 


Standard 455—1976 j j m 

_ Longitudinal Balance of Telenhone^F^’^^ Procedure for Measuring 

Band , describes a method for measurlL Operating in the Voice 

components used in telephone systems The nr a balance of 

to measure components such as LL^hayL originally developed 

devices. ^’'®^®”^ssron bridges, and similL 
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4.11 Cable is also a component used in telephone systems. The IEEE 
procedure can be used for measurement of series and shunt longi- 
tudinal balances in cable. Investigation indicates that when tests are 
made with the one-port method, the results in dB may be converted to 
precise values of capacitance unbalance to ground in picofarads per kilo- 
foot and resistance unbalance per total length. This is because capacitance 
unbalance is the major factor of cable shunt unbalances and resistance 
unbalance is the major factor of cable series unbalances. Insulation resis- 
tance unbalance is normally much too high to be a factor in cable shunt 
balance . 

4.12 The standard test procedure is capable of both one-port (un terminated) 
and two— port (terminated) measurements. As noted in Paragraph 4.11 

above, there is a direct relation between results of one— port measurements 
and cable unbalances. The two— port method probably gives a better representa- 
tion of how the cable will perform in the field under the same operating 
environment as provided for the test. Results, however, cannot be related 
directly to values of capacitance and resistance unbalance. 

4.13 A portable, battery-powered balance test set can be developed to 
facilitate testing longitudinal balance of cable in the field. The 

cost of this equipment would be far less than that for capacitance unbalance 
bridges. A simplified schematic of this test set is shown in Figure 8. The 
longitudinal measuring device should have a balance at least 15 dB higher 
than the highest balance to be measured. 


368 


Balance = 20 log 


Vm 


368 



n 



CABLE LONGITUDINAL BALANCE TEST SET 
FIGURE 8 



installed cable is to be measured the balance test 
frequency selective to eliminate effects of induced 


• shc'-T. below nay be used for computation of anticipated 

the one-port method of longitudinal balance measure- 
-• 1 - : ..tr.ttr.a and gauges of cable. 

_ , - . . Zj + + R + Z,Z„ + 1 . 

4^ (RZi + KZj + aZjZj) 

- ^2 

^ ^or sr.unt unbalance: 

. one conductor to ground 

^=?edance other conductor to ground 

between the two conductors 
. ..crna. resistance of test set (368f2) 

- r ;>erie3 unbalance: 
stance of one conductor 
'^‘‘^istance of other conductor 
.=p.dar.ce between two conductors (for series 
-a.urenents Za be ignored) 

‘ resistance of test set (368(2) 


s ft S 


* ^ i 

-s r vf. 
*'* t I* 

r i r * 


'4 >. t; 

■i' 

' n i f 
u h ! 


<• through 3 show the anti j -l ■, 

of cable that will most frequ^tr''^''^^''^^ lengths 

: f^iquentiror’'^^ 

or H loading with 22 nr 7 L ^equently occur on longer 
^or ™„ertl„g of L" “>>U. Those charfl 

Mbalaoce-toiS”! l<>"8«udlnal balance ceasure- 

“ «3-tance 

'-‘cTthT' t' >»la„ee la b th , ^ 

‘ • '.tratoil'in simple Thls'^'rt* shunt mode 

^ balance beien ,h4 "5' l2 tfcauf “ 

^at.»een 100 and 120 dB) . calibrate the test set 

•**• unbalance !«. - 

I "sh^r 

y now be found in 
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Longitudinal 
Test Set 


Balance 


Cable Pair ^ Cable Shield 


.—Under Test 


Cable Under Test 



All Other->^ 
Pairs 


Far End: 
Leave All Pairs 
Open and Cleared 


SHUNT UNBALANCE 
STEP ONE 


Cable Pair 


Longitudinal balance 


Test Set 


Cable Shield 

Cable Under Test 



Far End : 
Short and Connect 
Cable Pair Under 
Test To Shield 


SF.RTKS UNBALANCE 
STEP TWO 

MEASUREMENT OF CABLE LO NGITUDINAL BALANCE 

figure 9 


4.43 Series unbalance is at^the^f ar°end.™ Idle pairs should 

and although the state of all other pairs 

still be open circuited at the tar ena ^^3 unbalance measurements. 

has negligible ^^^3 ^^ad on the test set meter and recorded. With 

Series circuit balance in dB is rea cable known, the unbalance in 

this value, and the length and gauge of the cable Rno 

total ohms may be found m the charts. 

Should it be desirable to ‘^^^^’^^^LtanS ,^i*^decidf Lx may be used, 
lowest value of capacitance or resistance. 


4.5 


w y 

4.51 Connect a capacitance ^^‘^^‘^J^^^^^p^citaLLin 100 picofarad incre^nts 
the point of measurement.^ reconnect decade between th 

and note if balance improves- If rt .^^ce in 100 picofarad incremen s 

ring conductor and ground capacitance to ground i...prcvos . 

erchThrre^dcTo. is connected uhen longltudrnal 
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nirct a resistance decade box in series with the tip conductor 
rhe point of measurement. Add resistance in one ohiu steps and 
nee improves. If it does not, reconnect decade in series with 
dactor. Again, add resistance in one ohm steps noting if 
Dves. The lowest resistance will exist on the conductor to 
cade box is connected when longitudinal balance improves. 
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Unbalance in pF/kf 
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